With the diversification and internationalization of the food industry and the increased focus on health from a majority of consumers, food safety policies are being implemented based on scientific evidence. Risk analysis represents the most useful scientific approach for making food safety decisions. Total diet study (TDS) is often used as a risk assessment tool to evaluate exposure to hazardous elements. Many countries perform TDSs to screen for chemicals in foods and analyze exposure trends to hazardous elements. TDSs differ from traditional food monitoring in two major aspects: chemicals are analyzed in food in the form in which it will be consumed and it is cost-effective in analyzing composite samples after processing multiple ingredients together. In Korea, TDSs have been conducted to estimate dietary intakes of heavy metals, pesticides, mycotoxins, persistent organic pollutants, and processing contaminants. TDSs need to be carried out periodically to ensure food safety.
INTRODUCTION
As the food industry becomes increasingly globalized, consumers' concerns over food safety also increase. Consumers have begun to opt for health-promoting foods. With the increasing food-related scams in global food markets, each country has implemented food safety policies to protect its citizens and its food industries. The melamine milk scandal of 2008 astonished the world with the death of six infants caused by the consumption of adulterated milk as well as kidney and urinary problems in 250,000 children in China. The total estimated cost incurred to the Chinese healthcare system was 58 million Euros (1) . In 2008, numerous Koreans who worried about contracting mad cow disease from beef imported from the US protested for over three months. These huge and unprecedented demonstrations had shaken the nation and influenced political decision-making (2) . Countries are prioritizing food safety because food safety has gained greater importance in people's lives. Consumers request more scientific evidence supporting the safety of the food. With food safety policies becoming more restrictive, conflicts between importers and exporters in the food trade emerge with regard to food safety regulations (3) . To date, TDS is one of the most efficient tools for ensuring food safety; risk managers can make decisions based on the background information of chemicals in food provided by TDSs. The purpose of this paper is to review the current status of TDS implementation.
TDS FOR RISK ANALYSIS
Risk analysis, including risk management, risk assessment, and risk communication, has been developed to estimate and control risk as well as communicate risk information. Risk analysis is used to develop safety standards and represents an essential part in the food safety emergency response. Risk assessment is a key input in risk analysis and comprises four elements: hazard identification, hazard characterization, exposure assessment, and risk characterization. Hazard identification aims to identify the biological, chemical, and physical properties potentially harmful to human health. Hazard characterization aims at evaluating, based on experimental data, any harmful effect according to hazard exposure levels. Exposure assessment determines the intake of hazardous products via food. Risk characterization consists of estimating the probability of occurrence and severity of hazards (4) . To estimate the magnitude of risk to human health that may be caused by a food component, TDSs have been widely used to assess the dietary exposure, in terms of chemical concentration, of the component in a particular food product while considering the safety threshold of the component in human body (5) .
DIFFERENCES BETWEEN TDS AND FOOD MONITORING
Food monitoring investigates chemical concentrations in individual foods. An official agency examines the chemical levels in food for compliance with the regulatory guidelines in specific food items. On the other hand, TDSs are conducted for monitoring chemicals in consumed foods, and require additional food processing in the kitchen to prepare samples. Therefore, TDSs are able to obtain more real- istic average concentration data and are useful in the assessment of exposure to processing contaminants, such as acrylamide and polycyclic aromatic hydrocarbons, which are occurred at the processing stages of manufacture. TDSs are also cost-effective because composite samples are analyzed (6,7). However, chemicals may be diluted in a pooled sample in which highly contaminated foods are mixed with several less contaminated ones. Therefore, the analytical methods used in TDSs need to be of higher sensitivity compared with those used for food compliance monitoring (8) . Furthermore, quality assurance (QA) during sample preparation should be emphasized to avoid contamination and loss of chemicals (9) .
THE GLOBAL STATUTES OF TDSs
In 1961, the first TDSs were initiated in the US to determine the levels of radioactive Sr-90 in foods and beverages prepared for consumption by washing, removing inedible parts, and cooking (10) . TDSs gained recognition at the Joint Food and Agriculture Organization (FAO)/World Health Organization (WHO) Meeting on Pesticide Residues in 1967 (11) . The European Food Safety Authority, the FAO, and WHO recommended a harmonized TDS method (9) . Furthermore, WHO convened five international TDS workshops to encourage countries to implement reliable and harmonized TDSs (12) (13) (14) (15) . The ongoing TDSs in different countries were presented and developments in TDS methodologies were discussed in workshops. A list of priority chemicals was recommended at the first workshop and updated at the fourth workshop (Table 1 ). In particular, at the third workshop, a one-week training course was prepared that could be followed by the countries planning to incorporate TDSs The most recent workshop was convened in Seoul, Korea in 2015 by the Ministry of Food and Drug Safety (MFDS), the Korean Health Industry Development Institute, and the WHO Regional Office for the Western Pacific. The participants of the workshop adopted the eleven recommendations (Table 2) .
NATIONAL TDSs
Among country-specific TDSs (Table 3 ) (16), the US Food and Drug Administration (FDA) has conducted TDSs Table 2 . Recommendations adopted at the 5 th international workshop on TDS 1) All countries are encouraged to conduct total diet studies to assess the safety and nutritional quality of diet of their population.
2) Countries may want to expand their TDS to address gaps in their current studies as well as emerging food safety and nutritional issues. sponsored by national governments, as well as resources, such as the Dutch National Institute for Health and the Environment's software for exposure assessment "Monte Carlo Risk Assessment" as well as hands-on experience and other transfers of TDS expertise among countries. 5) Countries are encouraged to use a harmonized and regional approach, whenever possible, when conducting TDS. 6) Countries should improve and/or develop detailed, transparent and regionally harmonized food classification and description systems that should be the basis for conducting their TDS. 7) In planning of their TDS, countries are encouraged to refer to the criteria for developing lists of priority chemicals and nutrients and to consider the suggested lists of TDS chemicals developed by the workshop. Countries may also wish to refer to the list of typical limits of determination of analytical methods needed to achieve measured results for various chemicals, which was prepared by the workshop. 8) Countries are encouraged to actively utilize the GEMS/Food Databases as well as the GEMS/Food Cluster Diets (in the absence of food consumption data) and contribute to GEMS/Food Databases using the established reporting format. 9) Based on best practice in risk communication, all countries are strongly encouraged to communicate TDS results in a transparent, timely, and easy-to-understand manner to all stakeholders. 10) WHO Collaborating Centers for Food Contamination Monitoring are encouraged to strengthen their role in supporting lowincome countries in the conduct of TDS through capacity building, resource mobilization, and provision of technical expertise. 11) Future international TDS workshops should be organized periodically to share experiences and best practices in TDS. It is also recommended that future TDS training courses be held with a particular focus on building TDS capacity in low-income countries. Workshops and training courses may be jointly sponsored by WHO, WHO Collaboration Centers, and other international and regional organizations and national agencies with experience in conducting TDS.
to analyze approximately 350 different components, including pesticide residues, radionuclides, persistent organic pollutants (POPs), and processing contaminants, in 280 foods. (Fig. 1) . UK, France, Japan, China, and Korea analyzed 
TDS USAGES IN FOOD SAFETY
TDSs can be used for several aspects of food safety. When used as a screening tool, TDS can identify food groups and hazardous chemicals that require detailed food monitoring (9) . TDSs provide temporal trends in hazards exposure, allowing risk managers to evaluate the effectiveness of food safety policies. For example, in the US, the FDA TDS has identified trends in the level of lead in the food supply and importantly, the decrease in lead exposure following the implementation of food safety policies (25). TDSs are also used to detect changes in the levels of processing contaminants associated with specific cooking methods, allowing regulatory authorities to make recommendations on cooking methods most likely to reduce chemical exposure. The Korean TDSs conducted in 2012 showed that the cooking method adopted influenced the acrylamide levels in the final product. Acrylamides were found to be below detection limits in raw, boiled, or baked potatoes but acrylamide was detected in stir-fried potatoes leading the study to conclude that boiling and baking are better methods than stir-frying to avoid exposure to acrylamide (26).
CONCLUSIONS
This paper has reviewed the purposes of TDSs, the differences between TDS and food monitoring, and TDS applications. TDS is not only a cost-effective tool but also a realistic tool for risk assessment of chemicals in foods because foods are analyzed in the form they are consumed and composited. TDSs are also useful for screening chemicals and identifying the trends of chemical exposure due to intake. Many countries, including Korea, have implemented TDSs to ensure food safety. The international organizations such as WHO, FAO and EFSA have tried to harmonize the TDS methodology. Although some challenges for TDSs, such as chemical priority, risk communication, and quality control, still remain, it is anticipated to gain importance in regulating the food safety; experts should endeavor to improve the quality of scientific evidence brought forward by TDSs.
